Abstract. Thymoma is the most common neoplasm of the anterosuperior mediastinum. Activation of the Wnt signaling pathway has a role in a variety of human cancers. The present objective was to examine c-Jun N-terminal kinase (JNK) mRNA and protein expression in thymoma cells undergoing apoptosis subsequent to downregulation of Wnt4. Wnt4 and JNK mRNA and protein expression was analyzed by reverse transcription-quantitative polymerase chain reaction and immunohistochemistry, respectively, in 15 thymoma tissues and 6 thymus cyst tissues. Thymoma cells were cultured and transfected with shRNA plasmids targeting the Wnt4 gene. Wnt4 and JNK protein expression was detected by western blot analysis. Apoptosis was analyzed using Wright-Giemsa staining, Hoechst-33342/propidium iodine double staining and flow cytometry. The results showed that Wnt4 and JNK mRNA and protein expression were significantly increased in thymoma compared with normal thymus tissue. Subsequent to transfection, thymoma Wnt4 and JNK mRNA and protein expression were significantly decreased in shRNA-treated groups, with the strongest inhibition being 52.37%. Characteristic apoptotic morphological changes were observed and apoptosis increased. Overall, the present concluded that Wnt4 has an important role in thymoma development, which appears to be activated through a JNK mediated planar cell polarity-like pathway.
Introduction
Thymoma is the most common neoplasm of the anterosuperior mediastinum, accounting for ~20% of all mediastinal tumors and 50% of all anterior mediastinal tumors in adults (1) . Thymomas occur at all ages, but there is a broad peak between 35 and 70 years of age. Men and women are approximately equally affected, although it is slightly more common in older women (2) . Numerous thymoma cases present with systemic syndromes, such as myasthenia gravis, or other associated syndromes, such as immune and autoimmune diseases. Surgery remains the main treatment for thymoma, as thymoma pathogenesis is poorly understood (3) .
The Wnt signaling pathway is one of a handful of evolutionarily conserved signal transduction pathways that are used extensively during animal development (4) . Wnt signals control multiple biological processes, including cellular proliferation, fate specification, polarity and migration. Activation of the Wnt signaling pathway plays a role in a variety of human cancers (5) (6) (7) , and regulates T cell development (8) . In the thymus, Wnt ligands are expressed primarily on thymus epithelial cells and activate a highly complex signaling network via G-protein dependent Frizzled receptors (9) .
Wnt4 is one of the Wnt proteins that can activate non-canonical pathways. It has an important role in thymus development and maintenance of the thymus microenvironment (10, 11) . JNK signaling is necessary for planar cell polarity (PCP)-like pathways (12) , including one of the non-canonical Wnt path-2), including one of the non-canonical Wnt path-), including one of the non-canonical Wnt pathways. The present study examined the expression of Wnt4 and JNK mRNA and protein in thymoma. Wnt4 gene expression was then blocked in thymoma cells by short hairpin (sh)RNA interference, and changes in JNK mRNA and protein expression and thymoma apoptosis were then examined. The results indicate the Wnt4/JNK signaling has an important role in thymoma development and proliferation.
Materials and methods
Reverse transcription-quantitative polymerase chain reaction (RT-qPCR) analysis of thymoma Wnt4 and JNK mRNA expression. Thymoma and normal thymus tissue samples were collected from 15 patients with thymoma and 6 patients with thymus cysts at the Tianjin Medical University General Hospital (Tianjin, China). The Tianjin Medical University General Hospital Ethics Committee approved the present study and written informed consent was obtained from all patients. A definite pathological diagnosis was established in patients who underwent surgery but had not received chemotherapy or radiotherapy between January 2013 and December 2014. RNA was extracted by tissue homogenization in TRIzol (Invitrogen; Thermo Fisher Scientific, Inc., Waltham, MA, USA), according to the manufacturer's instructions. Total RNA (1 µg) was reverse transcribed into cDNA and quantified by RT-qPCR using SYBR Premix Ex Taq™ (Takara Bio, Inc., Otsu, Japan). PCR primer pairs for human Wnt4, JNK and GAPDH (Table I) were designed using GeneRunner (Aoke Biological Technology, LLC, Beijing, China). Amplification was performed at 94˚C for 5 min for predenaturation, 94˚C for 40 sec for denaturation, 59˚C for 30 sec for annealing and 72˚C for 30 sec for extension, for a total of 45 cycles, with a final extension at 72˚C for 10 min. Wnt4 and JNK PCR products were purified by 1.2% agarose gel and the purpose strip image was taken by GelDoc 2000 gel imaging system (Bio-Rad Laboratories, Inc., Hercules, CA, USA). Positive bands were measured with gray values and sequenced. The relative expression of target genes was determined using the 2 -ΔΔCq method (13) . fetal bovine serum (Gibco; Thermo Fisher Scientific, Inc.), 100 IU/ml penicillin and 100 µg/ml streptomycin, at 37˚C in a humidified 5% CO 2 atmosphere (14) .
Immunohistochemistry of

Construction and selection of interference plasmid.
A Psi-H1 shRNA expression vector was chosen to interfere with the plasmid hairpin loop sequence TCAAGAG. Four Wnt4 shRNA interference plasmids were constructed using the HSHTR001 plasmid, which also acted as an empty plasmid control. All plasmids were obtained from Guangzhou Fulengen Co., Ltd.
(Guangzhou, China) (Table II) . Plasmid amplification and extraction used Trans1-T1 phage-resistant competent cells (Wuhan Cell Marker Biotechnology Co., Ltd., Wuhan, China). Thymoma cells were inoculated onto 12-well culture plates prior to transfection, grown to 50% confluency, and synchronized for 12 h with serum-free DMEM. Cells were divided into 6 transfection groups (with 5 experimental repeats), as follows: Control, no interference; TR001, HSHTR001 empty plasmid; Wnt4-shRNA-1, HSH13446-1-CH1 interference plasmid; Wnt4-shRNA-2, HSH13446-2-CH2 interference plasmid; Wnt4-shRNA-3, HSH13446-3-CH3 interference plasmid; and Wnt4-shRNA-4, HSH13446-4-CH4 interference plasmid. Plasmids (8 µg) were transfected into each group with Lipofectamine™ 2000 (Invitrogen; Thermo Fisher Scientific, Inc.) for 6 h. Cells were then cultured in DMEM with 10% FBS for 48 h at 37˚C, and total RNA was extracted for PCR using PrimeScript TM RT reagent kit and Taq DNA Polymerase (Takara Bio, Inc.). PCR primer pairs for human Wnt4 and GAPDH are listed in Table I . Amplification was performed at 94˚C for 3 min for pre-denaturation, followed by 35 cycles of 94˚C for 30 sec for denaturation, 55˚C for 30 sec for annealing, and 72˚C for 30 sec for extension, with a final extension at 72˚C for 10 min. Wnt4 PCR products were purified by 1.2% agarose gel. The relative expression of Wnt4 mRNA was calculated with gray values using Quantity One image analysis software (version 4.4; Bio-Rad Laboratories, Inc.) and compared with that prior to transfection in the same cell line (15) . Reactions were performed in triplicate. The plasmid exhibiting the best inhibition was selected for subsequent experiments.
Western blotting for Wnt4 and JNK protein expression.
Trans fected cells were collected in one centrifuge tube for each transfection group and centrifuged at room temperature (110 x g, 5 min). The supernatant was removed, and the cell pellet was washed twice with PBS (0.01 M; pH 7.2-7.3). Each tube of cells was added into 100 µl radioimmunoprecipitation assay lysate with phenylmethane sulfonyl fluoride (Sigma-Aldrich; Merck KGaA, Darmstadt, Germany), and protein concentration was determined by bicinchoninic acid assay. Subsequent to quantification and aliquoting, samples were degenerated by boiling. Equal amounts of total protein (30 µg/sample) were subjected to SDS-PAGE (12%) followed by electrophoretic transfer to nitrocellulose membranes. Nitrocellulose membranes were blocked using 5% skimmed milk powder for 1 h at room temperature. Each blot was incubated with Nitrocellulose membranes were washed with enhanced chemiluminescence developing solution (K-12045-D20; Advansta, Inc., Menlo Park, CA, USA), exposed and developed using X-ray film. Grey scale analysis was performed using Quantity One software (Bio-Rad Laboratories, Inc.).
Detection of apoptosis.
Thymoma cells were divided into 4 groups, as follows: Empty control, Lipofectamine 2000, TR001 plasmid, and Wnt4-shRNA-3 plasmid. The aforementioned transfection steps were used, and cell proliferation was observed using a Leica DMIL microscope (Leica Microsystems GmbH; magnification, x100) after 48 h. When cells were 80-90% confluent and in good condition, culture medium (DMEM) was removed and cells were gently rinsed twice with 1X PBS. Wright-Giemsa and Hoechst-33342/propidium iodide (PI) (both from Beijing Solarbio Science and Technology Co., Ltd., Beijing, China) fluorescent double staining was used to stain cells. Apoptosis was quantified by flow cytometry.
Wright-Giemsa double staining. Ethanol (1 ml; 95%) was added to each culture well and cells were fixed for 15 min. The ethanol was removed and 1 ml Wright-Giemsa staining solution was added. The cells were stained for 2 min at room temperature. The staining solution was discarded, the cells were rinsed twice in flowing water and observed using a Leica DMIL microscope (magnification, x400), and images were captured. Apoptotic cells exhibited chromatin condensation, nuclear membrane fragmentation, and appearance of apoptotic bodies. Light staining was also observed in necrotic cells. Statistical analysis. Statistical analysis was conducted using the t-test for paired samples, one-way analysis of variance for multi group data, multiple comparisons between groups were performed using least significant difference method, and Fisher's exact test for categorical data in 2x2 contingency tables. P<0.05 was considered to indicate a statistically significant difference. Data were processed using SPSS 19.0 (IBM Corp., Armonk, NY, USA).
Results
Expression of Wnt4 and JNK mRNA and protein in thymoma.
Wnt4 and JNK mRNA expression was detected in thymoma tissues (Fig. 1) . The relative expression of Wnt4 mRNA was 4.45±1.79 (P<0.001), and JNK mRNA was 2.61±0.83, compared with normal thymus tissues ( Fig. 2; P<0 .001). The positive staining of Wnt4 protein in normal thymus and thymoma tissues was 0.0 and 93.3%, respectively (P<0.001), and positive staining of JNK protein in normal thymus tissue and thymoma was 16.7 and 80.0%, respectively (P=0.014) (Table III; Fig. 3 ).
Screening of psi-H1-shRNA-Wnt4 interference plasmid and its inhibitory effect on Wnt4.
The plasmids of positive electrophoresis strips were selected and sent to sequence analysis (Aoke Biotechnology Co., Ltd.). Results showed that the complete target gene inserted, and that the sequence was identical with the sequence designed.
Wnt4 expression was determined by semi-quantitative RT-PCR (Fig. 4) . The results showed that Wnt4 expression in each experimental group was decreased compared with the controls. However, Wnt4-1 expression in the shRNA-group was elevated compared with the TR001 group, indicating that this plasmid did not successfully inhibit expression. Expression in the other experimental groups was lower than in the TR001 group, indicating that the shRNA-Wnt4 interference plasmid was constructed successfully, and effectively inhibits Wnt4 expression. The relative inhibitions of the four candidate plasmids were 15.50, 40.87, 52.37 and 34.89% respectively. Expression following transfection of shRNA-Wnt4-3 was the lowest (P<0.01). Therefore, shRNA-Wnt4-3 was selected as the best silencing plasmid and used in subsequent experiments.
Wnt4 shRNA inhibits JNK. JNK expression decreased after Wnt4 shRNA, as detected by semi-quantitative RT-PCR, consistent with Wnt4 expression level (P<0.01), indicating that transfection of shRNA-Wnt4-3 inhibits JNK expression ( Fig. 5A and B) .
Western blot analysis demonstrated JNK and Wnt4 protein expression in the control and TR001 groups was significantly increased compared with the shRNA-Wnt4-3 group (P<0.05), although β-actin levels had not changed (Fig. 5C ). This indicated that the shRNA-Wnt4 plasmid inhibits Wnt4 protein expression, which suppresses JNK protein expression.
Detection of apoptosis subsequent to transfection WrightGiemsa staining. The cellular morphology of control and
Lipofectamine 2000 groups was polygonal. The cytoplasmic staining was light and uniform, with hyperchromatic nuclei. Nuclear morphology indicated the cellular division phase, but no apoptotic bodies or cytoplasmic vacuoles were observed. These observations indicated that thymomas in the control and Lipofectamine 2000 groups were not undergoing apoptosis. However, characteristic apoptotic morphological changes, such as nuclear chromatin agglutination, invagination of the cellular membrane, and apoptotic body formation were observed in the TR001 and shRNA transfection groups. These morphological changes were more prevalent in the shRNA-transfected groups (Fig. 6) . (Fig. 7) .
Flow cytometry. Apoptosis in the Lipofectamine 2000 and TR001 groups was 11.07±0.35% and 11.17±0.35%, respectively, although they did not differ compared with controls (10.40±0.56%) (P>0.05). The apoptosis rate following shRNA transfection was 14.70±0.62%, which was significant compared with controls ( Fig. 8; P<0 .001).
Discussion
Few studies have investigated thymoma signaling pathways. Notably, Wnt receptors are present in all thymocyte subsets (16) , and Wnt pathways are associated with malignant tumors. Wnt-4 activates the JNK-dependent noncanonical signaling pathway (17). Ma et al (18) demon-18) demon-) demonstrated that the overexpression of c-Jun in thymus epithelial tumors was closely associated with the pathogenesis and biological behavior of the neoplasm (18) . Thus, the present study aimed to explore the role that Wnt4 signaling may play in promoting thymoma cell proliferation via a non-classical JNK-mediated pathway. The present results showed that the thymoma Wnt4 and JNK gene and protein expression was elevated relative to that in the normal thymus. In addition, Wnt4 and JNK expression and apoptosis changes were observed in thymoma cells subsequent to Wnt4 gene silencing. Since Napoli et al (19) identified botanic co-suppression in 1990, RNAi technology has been widely used. In the present study, the Wnt4 shRNA sequence was designed and a shRNA plasmid vector was constructed to silence Wnt4. Sequence analysis showed that Wnt4 shRNA was successfully inserted into the expression vector and effectively inhibited Wnt4 expression, indicating that the interference plasmid was constructed successfully. The shRNA-Wnt4-3 inhibition was 52.37%, which was the best of four constructed plasmids (P<0.01), prompting us to chose this plasmid for subsequent experiments. Although certain studies have shown that the development of thymus epithelial cells requires activation of the β-catenin-mediated canonical Wnt signaling pathway (11, 20, 21) , elevated expression of β-catenin was not observed in the present study. However, expression of the JNK mRNA and protein were significantly decreased following transfection of the shRNA-Wnt4 plasmid compared with the controls. This result may indicate that the Wnt4-activated pathway is a JNK-mediated PCP-like pathway in thymoma.
Cancer cells escape apoptosis by manipulating the expression level of anti-apoptotic molecules or inactivating apoptotic elements (22) . Studies have shown that inhibition of Wnt signaling induces apoptosis and suppresses cell proliferation (23, 24) . Age associated changes in thymus cell number and function were accompanied by a decrease in the transcription levels of Wnt4, and activation of the Wnt4 signaling pathway promoted thymus epithelial cell proliferation and alleviated apoptosis (25) . Therefore, the present study qualitatively (Wright-Giemsa and Hoechst-33342/PI staining) and quantitatively (Annexin V-FITC/PI staining) analyzed thymoma apoptosis subsequent to downregulation of Wnt4 by transfection with the shRNA-Wnt4-3 plasmid. The results indicated that cells exhibited increased cellular apoptosis and characteristic apoptotic morphological changes, including nuclear chromatin agglutination, and apoptotic body formation, compared with controls. Collectively, these results indicate that downregulation of Wnt4 promotes thymoma apoptosis, and that Wnt4 activation may be one of the causes of thymoma development.
The present results suggest that thymomas exhibit elevated Wnt4 and JNK mRNA and protein expression. Thymomas also show increased apoptosis subsequent to RNAi inhibition of Wnt4. Thus, Wnt4 may have an important role in promoting thymoma development, and may be activated through a JNK mediated PCP-like pathway. for Clinical Research of Wu Jieping Medical Foundation (grant no. 320.6750.14318). English language editing was provided by Edanz China (Beijing, China).
